
TECHNICAL REPORT' BY TUDOR JONES

Programming the
HP 41-CV Calculator

-Part 2 of 2 parts-

USER INSTRUCTIONS
After all traverse data has been en

tered, this program processes the lati
tudes and departures of the traverse legs 
stored in the storage registers of the cal
culator memory.

It calculates the relative accuracy, 
carries out a Compass or Transit Rule 
adjustment, and converts the adjusted' 
lats. and deps. to final co-ordinates.

After this conversion, the area of a 
closed traverse may be computed.

When the program has been loaded 
into memory, Key A  or Key B must be 
pressed. Key A  would be selected for a 
traverse to a known point other than the 
starting point. In this event, the display 
will prompt for the known co-ordinates 
of the end point to be entered.

When a perfect closure occurs, the 
relative accuracy will print-out as zero.

DisplayKey

Open-ended Traverse A  NORTH Northing of end point 

R /S  EAST Easting of end point 

R /S  Print- 

out:-

Either the Compass Rule or Transit 
Rule balancing method must be selected, 
Key C or Key D. Before making this sel
ection, the opportunity may be taken to 
not balance, or to HOLD, certain legs of 
the traverse. If it is elected to do this, 
Key F, and key in the starting point 
number and end point number in the
000.000 format (for example 5.006 or 
62.063) of each traverse leg it is decided 
to HOLD.

Note that sideshots will be excluded 
from the adjustment automatically by the 
calculator. It is not necessary to identify 
these under this routine.

After the starting and end point 
numbers of all traverse legs not to be 
balanced have been keyed in, press key 
C or key D to carry out the adjustment.

After the adjustment, press Key E 
if the area within a closed traverse is re
quired. •

Enter

Closed Traverse

Hold

Error in latitudes 

Error in departures 

Relative accuracy 

B Print- Error in latitudes

out:- Error in departures

Relative accuracy 

F HOLD Station numbers (000.000)

R /S  HOLD etc.

Figure 1

THE FIELD Adjustment pro
gram computes the errors in a 
traverse, its relative accuracy, 
and processes the latitudes and departures 

previously calculated and stored (see 
Field Traverse Program), and converts 
these to co-ordinates.

The ‘User Instructions’ are in Figure 
1, and a flow chart of the program steps 
following Labels A  and B is in Figure 2.

The known co-ordinates of the end 
point of an open-ended traverse are ac
cepted and stored in work registers 08 
and 09 of the calculator when Key A  is 
pressed.

After Key B, the known co-ordin
ates of the starting point are recalled from 
memory and stored in registers 08 and
09.

From line 20 onwards, the program

A S N  L B L  G T O  B S T

CATAL OG I S G R T N  C L X / A

C F  F S 7

x s y ?  B E E P  P - * R  R P

X F I X  S C I  E N G

instructions are the same for both an 
open-ended traverse and a closed tra
verse.

At line 20, the error in latitudes 
(difference between the calculated north
ing in register 03 and the known northing 
in register 08) is computed, and because 
the known northing isn’t needed any 
more, this error is stored in register 08. 
The error in departures is computed and 
stored in 09.

The relative accuracy is determined 
by dividing the main traverse distance 
from register 02, by the error distance, 
which is the square root of the sum of the 
squares of the two errors, of course.

Both errors are squared and sum
med. In the event of a perfect closure, 
this sum will be zero. If an attempt is 
made to divide any number by zero, a 
computer error will occur, and the pro
gram will fail.

A  test is made, and if “ X  =  0?” , 
processing branches around the next 
few instructions.

Another branch is made if Flag 21 
is not set, which indicates that a printer 
is not attached to the calculator.
HOLD

The program steps for this function 
are diagrammed in the lower portion of 
column 1 in the larger flow chart in Fig
ure 3.

Those who read the description of
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the Field Traverse program, will recall 
that each calculated latitude of a side- 
shot was added to nine million before 
being stored in the memory of the calcu
lator, so that they could be identified as 
such later.

The latitudes to be “ Held” will be 
added to four million.

After Key F has been pressed, and 
the first pair of station numbers have 
been keyed in, the integer portion of the 
number entered is discarded.

Because the latitudes and departures 
of a travere leg are stored in registers 
whose numbers are calculated from the 
formulas 2n -f 8 and 2n +  9, where ‘n’ 
is the station number that “ the traverse 
leg is going to” , the lower number that 
was keyed in is not required. The only 
reason for both numbers to be keyed in 
is to make the User Instructions more 
precise and unambiguous.

The fractional part of the number 
is converted to the number of the register 
containing the latitude of the traverse leg, 
by multiplying the fraction by two thous
and, and adding eight to the product. 
This short function is set up as a sub
routine, and is used not only here, but 
several times later whenever a new count
er has to be set up.

The latitude is recalled to the “ x” 
register, and tested to see if it is greater 
than one million. If it is, it means that 
the user has made a mistake by identify
ing a sideshot.

Some years ago, when our office 
was in to ‘third order control’, and we 
were setting up fairly large survey net
works throughout the city, a professional 
programmer and myself prepared a pro
gram to adjust these networks by the 
Junction Point method on an I.B.M. 360 
main frame computer.

Large amounts of data were to be 
processed, and special forms were de
signed for this data to be listed, and sub
sequently key punched onto dozens, and 
sometimes even hundreds, of standard 
computer cards. One key punch operator 
would punch the card, and a second 
would verify that it had been done cor
rectly.

Early in the debugging process, we 
found that incorrect data was going into 
the computer. The first operator was 
keying data into columns one and two 
of a card instead of into columns zero 
and one, and the second operator was 
making the same mistake.

Instead of shouting at the girls, and 
getting them into trouble, etc. etc, the 
programmer merely changed the pro
gram so that this data was supposed to 
be in columns one and two on the punch

ed card, and we had no further trouble 
with this aspect of data entry.

I have thought about this small 
episode from time to time, and some
times feel that in this minor conflict the 
machine won, and that the human race, 
in whatever a small part, was somehow 
degraded.

Something similar occurs in this pro
gram.

Although the ‘User Instructions’ say 
that sideshots will be with-held from the 
adjustment automatically, and need not 
be identified in this routine, you just 
know that someone, sometime, will for
get, and will key in a sideshot. If this 
happens, the latitude plus the nine mil
lion already in storage will have another 
four million added to it, and the whole 
calculation will eventually be ruined.

The test, therefore, is to catch such 
a mistake, and to not add four million to 
the nine million already in place.

If the latitude is less than one mil
lion, four million is added to it, and the 
latitude is stored back in memory.

Processing goes back to Label F to 
accept the next pair of numbers, if any, 
that identify a traverse leg to be ‘Held’ .

CONSTANTS
As is well known, in a Transit Rule 

adjustment, the correction to a latitude 
(or departure) is equal to the latitude (or 
departure) multiplied by “ the total error 
in latitudes (or departures) divided by the 
total of all the latitudes (or departures)” .

The Compass Rule correction is 
equal to the distance of the traverse leg 
multiplied by “ the total error in latitudes 
(or departures) divided by the total dis
tance” .

The first phase of the adjustment 
computation is to calculate the constants 
included within the quotation marks in 
the above statements.

The phrases ‘total of all the latitudes 
(or departures)’ and ‘total distance’ are 
not strictly true, because that data per
taining to sideshots, and those traverse 
legs not to be adjusted (HOLD) must be 
excluded from these totals.

Flag 00 is set immediately after 
Label C at step 070 as an indication that 
a Compass Rule adjustment is to be car
ried out. If Key D is pressed, Flag 00 
is not set, and a Transit Rule adjustment 
will take place.

The sub-routine to calculate a new 
counter from the fractional portion of the 
number in register 05 (see Field Traverse 
program, described earlier) is called, and 
the new counter is stored in register 04.

004

005

052

020

023

026

029

051

FIGURE 2

Registers 02, 03, 06 and 07 are 
cleared of data by storing zeros therein.

The counter is incremented at line 
079, and is incremented again at line 083.

The new counter is recalled from 
register 04 to the Y  register, and the old 
counter is recalled from register 05 to X . 
The test “ Is Y  greater than X ?” is made. 
When the answer is positive it means that 
all the latitudes and departures or all the 
distances have been added, that this 
phase of the calculation is complete, and 
that the program should branch to line 
120.

When the new counter is still less 
than the old, processing continues to re
call the next latitude from the storage 
register indicated by the new counter.

This latitude is tested, and if it is 
greater than one million, indicating 
either a sideshot or a ‘Hold’ , then a 
branch is made back to line 079 to in
crement the counter two times.

If the latitude is less than one mil
lion, Flag 00 is tested. If it is not set 
(Transit Rule), the latitude is given a plus 
sign (absolute value), and added into reg
ister 02. The counter is incremented, the 
departure is recalled from memory, ab-
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069

070

071

073

LABEL "C"

SET FLAG 00
m u

A

LABEL "D"

NEW COUNTER IN 
REGISTER 04 

CLEAR REGISTERS 
02, 03, 06 & 07

079

083

INCR. COUNTER

r
INCR. COUNTER

A
087

091

COUNTERS? 
NEW > OLD

RECALL LATITUDE

YES

096

/  LAT > lm \  
NOl

A

/  FS700
;\------------1-----NO |
ARITHMETIC SUM 
OF LATS & DEPS

104

253

255

256

CALC TOTAL DIST

120 COUNTER IN REG 04 
COMPUTE FACTORS

A

127
A

INCREMENT COUNTER

130

135

INCREMENT COUNTER

COUNTERS? 
NEW > OLD

196 CLEAR FLAG 00 
NEW COUNTER IN 

REGISTER 04 
MOVE NORTHING & 
EASTING OF FRST 
STATION TO REGS 

00 AND 01

NO

YESaLATITUDE > 6. 5nyNO
145 < LATITUDE > lm<
147

YES | NO

STO. 4m IN REG 00
STORE 0 IN REG 01

1 7 ”

156

168

< H
FS?00

YES
CALC DISTANCE

r
158 REC LAT AND DEP

V >
172 CALC. CORRECTIONS

176 APPLY CORRECTIONS 
CALC DMD & D.AREA

LABEL "F"

ACCEPT STATION 
NUMBERS

A
CALC REGISTER 

NUMBER 
RECALL LATITUDE

LAT > lm
NO r-̂ YES

267 ADD 4m TO LAT 
STORE LATITUDE 

IN MEMORY
v :

209

214

INCR. COUNTER

NO

COUNTERS? 
NEW > OLD
YES

241 CLEAR DISPLAY 
AUDIBLE SIGNAL 

STOP

218

A
RECALL LATITUDE

NO
/  LAT > lm \
A .--------- /YES

221 SUBTRACT 9m 
SET FLAG 02

225

A
CALCULATE NEXT 
NORTHING. STORE 

IN MEMORY

YES

230
NO

STORE NORTHING 
IN REGISTER 00

LABEL "E"

231

233

INCR. COUNTER

276 CALCULATE AREA

CALCULATE NEXT 
EASTING. STORE 

IN MEMORY

281 FS?21

284

287

| YES F NO

PRINT AREA

r ." "
STOP

YES

238 STORE EASTING 
IN REGISTER 01

239 CLEAR FLAG 02

FIGURE 3

solute value, and it is added into regis
ter 03. Processing loops back to line 083 
to increment the counter one time.

If Flag 00 is set (Compass Rule), a 
sub-routine is called that will calculate 
the traverse leg distance. In this sub
routine, the latitude is squared, the coun
ter is incremented, the departure is re

called, and it is squared. The two squares 
are added, and the square root of the 
sum is extracted.

The calculated traverse leg distance 
is added into both register 02 and regis
ter 03, and processing loops back to line 
083 to increment the counter one time.

When processing branches from line 
087 to line 120, the contents of register 
02 are recalled and divided into the total 
error in latitudes in register 08. The con
tents of register 03 are recalled and divid
ed into register 09. The two constants re
quired are now in registers 08 and 09.

CORRECTIONS
The second phase of the adjustment 

which begins at line 127 is to compute 
and apply each correction, and at the 
same time carry forward a double meri
dian distance, and calculate a double 
area.

A  branch, not shown in the flow 
chart, is made to the sub-routine that will 
set up a new counter in register 04.

The new counter is incremented at 
lines 127 and 130, and it is tested with 
the old counter. When the value of the 
new counter is greater than the old, this 
second phase is complete, and a branch 
is made to line 196.

At line 141, the latitude in the regis
ter indicated by the counter is recalled 
and tested. If it is greater than 6.5 million 
it is a latitude of a sideshot and proces
sing loops back to line 127 to increment 
the counter two times.

The latitude is tested again, and if 
it is less than one million, a branch is 
made to line 156 where Flag 00 is test
ed.

If it is set, and a Compass Rule ad
justment is in progress, the sub-routine 
already mentioned to calculate the tra
verse leg distance is called. The calcula
ted distance is stored in registers 00 and 
01 .

The factor from register 08 is re
called and multiplied into register 00 to 
compute the correction to the latitude.

The factor from register 09 is re
called and multiplied into register 01 to 
compute the correction to the departure.

During the sub-routine to calculate 
the traverse leg distance, the counter was 
incremented by one.

At line 177 the departure indicated 
by the counter is recalled, and the cor
rection in register 01 is subtracted from 
it.

The corrected departure is added in
to register 07 to compute the double 
meridian distance, and the corrected de
parture is also stored back in the main 
memory.

The counter is decremented by one.

The latitude is recalled, its correc
tion from register 00 is subtracted from 
it, and the corrected latitude is stored 
back in the main memory.

12 THE ONTARIO LAND SURVEYOR, FALL 1982



At this time the corrected latitude 
is multiplied by the D.M.D. which is re
called from register 07; the product is 
added into register 06 where the double 
area is being accumulated.

The counter is incremented, and the 
corrected departure is recalled from the 
main memory and added into register 07 
to up-date the D.M.D.

Processing returns to line 130 to in
crement the counter one time.

If Flag 00 had not been set at line 
156, the latitude would have been stored 
in register 00, the counter incremented, 
and the departure recalled and stored in 
register 01.

The corrections, D.M.D. and double 
area would have been computed by re
calling the factors from 08 and 09, etc. 
as described above.

If the test at line 145 had indicated 
a latitude in excess of one million, then 
it would be a latitude that is not to be 
adjusted, but which does form part of 
the main traverse, and which must play 
its part in the computation of the area.

Because this is the last time that 
this latitude needs to be identified as a 
‘Hold’ , the opportunity is taken to put 
four million into register 00 and a zero 
into register 01. Then processing is sent 
to line 177 where these two values are 
treated as corrections by the program in
structions, and are subtracted from the 
latitude and departure. The unadjusted 
lat. and dep. are used to up-date the 
D.M.D. and the double area as described.

CO-ORDINATES
The final phase of the adjustment 

process converts the adjusted latitudes 
and departures into pairs of co-ordinates.

The sub-routine to set up a new 
counter in register 04 is called, and the 
new counter is first used to recall the 
northing and easting of the first station 
from the memory to work registers 00 
and 01.

The counter is incremented once, 
and tested. When it exceeds the old coun
ter, all of the conversions have been 
made, and the adjustment is complete. 
The display is cleared for neatness, and 
because the routine may have taken 
several minutes to run, a tone is sounded 
as an audible signal to the user, before 
the program stops at line 243.

Until this occurs, the latitude is re
called from the storage register indicated 
by the counter.

It is tested to see if it is a sideshot, 
and if it is, nine million is subtracted 
from it, and Flag 02 is set.

The northing is recalled from work 
register 00 and added to the latitude to

calculate the northing of the next station. 
This new northing is immediately stored 
in the storage register indicated by the 
counter, thus erasing the latitude lying 
therein.

If Flag 02 is not set, the new north
ing is stored back in register 00 so that 
the next latitude to be recalled can be 
added to it in due course.

If Flag 02 is set, however, then the 
new northing of the sideshot is not stored 
in register 00; because it Is not on the 
main traverse, it will not be required to 
compute the next northing.

The counter is incremented, and in 
the same way the next easting is calcula
ted, stored back in memory in place of 
the departure, and then stored in register 
01 only if Flag 02 is not set.

The instruction “Clear Flag 02” is 
made before the program loops back to 
line 209 to increment the counter one 
time.

When a closed traverse has been 
processed, Key E is pressed if an area is 
required. The double area is recalled 
from register 06, divided by two, trun
cated to one decimal place for appear
ance, and either printed if a printer is 
attached, or else left in the display.

ROTATING SIDESHOTS
Programs such as these can always 

be improved, by either making them do 
more things, or else by making them do 
the same thing but using fewer instruc
tions, thus making them more efficient.

Discerning readers will have noticed 
a shortcoming in the above program in 
that sideshots do not reflect any rotation 
in azimuth that may occur due to the ad
justment to the adjacent main traverse 
leg.

For example, if the latitude and de
parture of traverse leg 61 - 62 (see Fig
ure 3 in Field Traverse program descrip
tion) were adjusted to change the bear
ing of this line by say six seconds of arc, 
this would not in any way change the lat. 
and dep. of sideshot 62 - 63, and conse
quently the field angle of 39° 08' to the 
sideshot would not be accurately repre
sented by the computed co-ordinates.

A  solution to this is available, and 
for completeness it is shown in the flow 
chart in Figure 4. It requires sixty-two 
lines of program instructions, which oc
cupy an additional fourteen storage reg
isters in the memory of the calculator. 
Fourteen registers that could otherwise 
contain pairs of co-ordinates on seven 
survey stations.

The problem with these relatively 
small calculators, is that compromises 
such as these frequently have to be made.

FROM 135

286
288

291

294

CLEAR FLAG 00 
COUNTER IN REG 04 TO

196

A
297

299

INCREMENT COUNTER

INCREMENT COUNTER

COUNTERS? 
NEW > OLD

NO

302
NO

RECALL DATA

< DATA > lm y

YES
306 SUBTRACT 9m. FROM
307 DIST;STORE IN 00.
309 INCREMENT COUNTER
311 REC ANGLE;ST0. 01
313 DECREMENT COUNTER
314 RECALL COUNTER &
315 STORE IN REG. 02.

318 
321A

A
DECREMENT COUNTER
IN REG 02 2 TIMES

RECALL DATA

322 DATA > lm
YES NO

328

339
345

>
RECALL DEPARTURE 
CALC LAT & DEP OF 
SIDESHOT. ADD 9m 
TO LAT. STORE IN 

MEMORY.

FIGURE 4

Fine touches to the program have to be 
left out, and less than the best results 
accepted, in trade for more storage for 
computed data.

The amendment to this program re
quires that in the Field Traverse program 
the distance to the sideshot be added to 
nine million and stored in place of the 
latitude, and that the angle that the side-

cont'd on page 14
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The Association of Ontario 
hand Surveyors and Application 

For Judicial Review
IN 1980 and 1981 the Association 

of Ontario Land Surveyors was 
obliged to defend itself against 
applications for judicial review brought 

by two surveyors who had been charged 
with professional misconduct pursuant to 
the provisions of section 27 of the Sur
veyors Act.

The applications were by way of 
prohibition to the Divisional Court of 
Ontario.

In both instances the attempt in try
ing to obtain an order for prohibition was 
to stay proceedings and prevent the Dis
cipline Committee of the Association 
from proceeding with a discipline hearing 
in respect of the complaint which had 
been filed with the Association through 
the Secretary against the surveyor.

Although both instances were simi
lar, there were differences in form and 
content, but essentially the following ar
guments were made to the Divisional 
Court upon these applications in an

cont'd from page 13

shot makes with the preceeding main 
traverse leg be stored in place of the de
parture.

The chart in Figure 4 would fit be
tween the tops of columns two and three 
in Figure 3, and is mostly self explana
tory.

If there are no sideshots along the 
main traverse, processing will loop be
tween lines 291 and 302 until all the tests 
have been made.

When a sideshot is encountered, the 
distance and angle are recalled from 
memory to registers 00 and 01.

The instructions in lines 318 to 328 
locate the latitude and departure of the 
adjacent main traverse leg. The loop at 
322 is required because there may be 
more than one sideshot at one main tra
verse station.

The back azimuth of the main tra
verse leg is computed from the adjusted 
latitude and departure with the ‘rectang
ular to polar’ function, the angle in regis
ter 01 is added to it, and then with the 
computed forward azimuth and the side- 
shot distance, the ‘polar to rectangular’ 
function will calculate a latitude and de
parture of the sideshot that will accurate
ly reflect the field work. •

attempt to persuade that Court that the 
Association could not hold a hearing in 
respect of these surveyors, given the pro
cedures which the Association had adop
ted up to and including the filing of the 
Complaint with the Association.

Essentially the points that were 
argued before the Divisional Court were 
as follows:

(a) The Complaint, as sworn by the Sec
retary of the Association was improper 
inasmuch as it was made by the Secretary 
rather than by an individual, whether it 
be a member of the public or a member 
of the Association, who may have initially 
communicated with the Association re
garding a complaint.

(b) Because the Association had not at 
any time prior to the scheduled disciplin
ary hearing afforded to the surveyor in 
question the opportunity to be heard re
garding the matters which ultimately 
formed the Complaint, there was a denial 
of natural justice inasmuch as the deci
sion by the Complaints Committee to 
refer the matter to discipline had been 
made without the Committee having had 
a full hearing prior to its decision.

(c) That undue influence was being 
asserted by the Secretary of the Associa
tion upon the members of Council inas
much as the Secretary is also the Chair
man of the Professional Practice Com
mittee, sits on the Complaints Committee 
and is in attendance at Council meetings.

(d) That the Council is biased and can
not and should not be allowed to render 
verdicts in respect of matters of profes
sional misconduct.

(e) That in certain circumstances a 
breach or a violation of a Surveys Act 
Regulation is not the subject matter to 
be dealt with by a Discipline Committee, 
but it is a matter of public policy and 
should be dealt with by the Association 
and/or its Council in collaboration with 
members of the Ministry of Natural Re
sources in efforts to change the legisla
tion, rather than punishing offending 
surveyors.

As has been stated, these applica
tions were efforts to either stay disciplin
ary proceedings or prohibit such proceed
ings and hence proceedings before the 
Divisional Court took place prior to the 
dates scheduled for the Discipline Com
mittee hearings.

In both instances the Divisional 
Court upheld the position of the Associa
tion in respect of not only its procedures 
but the theory of the Association as a 
professional body having the capacity at 
law to discipline its own members, and 
therefore on all points that have been 
listed above, the applicant surveyors were 
unsuccessful in persuading the Divisional 
Court as to the merits of these arguments.

Taking the five points one at a time, 
the arguments that were considered by 
the Divisional Court were as follows:

(a) The Court was asked to rule that a 
Complaint sworn by the Secretary of the 
Association was improper inasmuch as 
the Surveyors Act called for a Complaint 
being filed with the Secretary of the 
Association.

It was further argued by the appli
cants that if the Secretary swore the Com
plaint herself, it was not necessarily and 
could not possibly be the Complaint that 
was initially made to the Association, and 
that being the case, the Discipline Com 
mittee had no jurisdiction to proceed be
cause it could only proceed if there was a 
validly sworn Complaint that had been 
properly filed with the Secretary of the 
Association, the implication being only a 
Complaint received by the Secretary and 
filed gave Council jurisdiction.

The position of the Association was 
that it, as a professional body, was re
sponsible for disciplinary matters and 
would receive and consider Complaints 
through its Complaints Committee; that 
upon deciding that an issue should be 
placed before the Discipline Committee, 
it would swear out the Complaint on be
half of the Association and/or the public, 
and that the Complaint would thereupon 
be filed with the Secretary, it being irrel
evant that the Secretary was also the one 
who swore the Complaint; it was the pos
ition of the Association that it was im
perative that the Association swear the 
Complaint so that the matter of the dis
cipline of the offending surveyor could 
be dealt with by the Association as one 
party and the defending surveyor as the 
other.

Further argument advanced by the 
Association was that it did not want fel
low surveyors acting as adversaries before 
the Association’s Discipline Committee, 
nor did it wish to require a member of 
the public to bring forward a Complaint 
and act as an adversarial party against a 
surveyor before the Discipline Com
mittee; rather, the Association submitted 
that discipline matters be launched and 
carried by the Association and its solici
tors against surveyors charged with pro
fessional misconduct, and that this was 
the proper method by which a profes
sional body such as the AOLS should 
handle disciplinary matters.
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